of foreign origin were observed during their dispersal or migration in Hungary from eight countries. Colour-ringed birds originating from Serbia, Croatia and the Czech Republic were the most commonly observed, while individuals from Italy, the Danube Delta (Romania) and the Wadden Sea area (Denmark and The Netherlands) were observed rarely in Hungary. Only metal ringed Spoonbills were recovered from Austria. All age-classes were found in Hungary: juveniles were the most common, while 2cy immatures formed the rarest class. Adults from the Wadden Sea area, and also from the Danube Delta were observed in Hungary during the breeding season, implying potential gene flow between those areas and the Carpathian Basin. My results predict that the breeding population of the Carpathian Basin forms a unique subunit of a metapopulation which is in close contact with the Czech population. The nesting of adults of Serbian and Croatian origin was confirmed in Hungary. Two prospecting subadults (4cy) were observed in Hungarian colonies, one was from Serbia, and the other was from Italy. One adult (5cy) occurred in several Hungarian wetlands in a short period before breeding, which probably explored habitats for breeding or for feeding. Spoonbills of Czech, Serbian, Croatian and Italian origin observed in Hungary used the Central Mediterranean or the Adriatic Flyway. Individuals from the East Atlantic population arrived to Hungary by shifting their migration routes. One bird from the Danube Delta wintered in Tunisia, where it probably joined Hungarian breeders and reached Hungary with them. Adults and juveniles from the Czech Republic used the wetlands around Lake Neusiedler as a stop-over and staging area during autumn migration. My results suggest that Hungarian wetlands play an important role in the movements and breeding of Spoonbills in Central Europe, thus, the management and conservation of these wetlands are essential for the future.
Introduction
The Eurasian Spoonbill is a specialist waterbird of key conservation importance as it is also considered as a flagship, umbrella and indicator species (Pigniczki & Végvári 2015) . Therefore, several authors studied them in detail, including their dispersal, migration, survival, habitat use, ecology and conservation (Triplet et al. 2008 , Lok et al. 2011 , 2013a , 2013b , Kralj et al. 2012 , Overdijk & Navedo 2012 , Pigniczki & Végvári 2015 , Pigniczmarked abroad and observed in Hungary. Spoonbills marked abroad and observed in Hungary were studied previously only marginally (Pigniczki 2009 , 2010 , Pigniczki & Karcza 2013 . Here I summarize the Hungarian recoveries and resights of Spoonbills ringed abroad and describe their breeding, migration and dispersal behaviour.
Materials and methods
I used the recovery and resight records of Spoonbills that were ringed outside Hungary and found or observed in Hungary at least once until the end of 2016.
Several colour ringing programs have been running across Europe (Denmark, Germany, Belgium, the Netherlands, France, Spain, Italy, the Czech Republic, Croatia, Serbia, Romania, Bulgaria and Greece) to mark Spoonbills (Overdijk 2008 , Pigniczki 2010 , while mainly metal rings were used in Slovakia and Austria (Müller 1984 , Cepak 2008 , Pigniczki 2010 . Further details on colour ringing schemes and the observation network are given in Pigniczki and Végvári (2015) and Pigniczki et al. (2016) .
The resighting records used in this study came from observations from several field ornithologists, nature photographers and from my personal observations. In addition to personal observations and reading of colour rings, I used automatic cameras (Reconyx HC500) during the post-fledging dispersal at the roosting and feeding sites to collect data on co lourringed individuals in 2014 and 2015. Automatic cameras were also installed in some colonies during ringing actions to study the behaviour of Spoonbills and to collect data on colour-ringed non-juveniles in 2015 and 2016.
To characterise the age of individuals, I used the calendar year age category for each record as follows: a bird is one year old (1cy) in the year of hatching until 31 December of that year; two years old (2cy) in the year after the year of hatching, and so on. I defined five different age-groups: one-year-old Spoonbills (1cy or juveniles); two-year-old individuals (2cy or immatures); three-year-old birds (3cy or immatures); four-year-old birds (4cy or sub-adults) and finally, birds older than four years (4+ or adults). Previous studies supposed that sub-adult (4cy) Spoonbills probably do not breed or they nest only in low proportions in the Carpathian Basin (Pigniczki 2010 , Pigniczki & Végvári 2015 .
Spoonbills start breeding in the first half of March, while some individuals of late arrivals finish breeding in August. Most of the yearlings fledge by mid-June, indicating that most of the adult Spoonbills breed before that period. Breeding lasts for 11-12 weeks between pair forming and fledging of juveniles from the colony (Pigniczki 2015) . Thus, the core of breeding season falls in May and June (Pigniczki & Végvári 2015) . Although April is also important for breeding, a few adult Spoonbills still arrive to the breeding grounds in late April. Therefore, I treated observations of adult birds between 15 April and 30 June as indicators of breeding. To estimate the probability of breeding for colour-ringed Spoonbills, I used three categories: 1) confirmed breeding, 2) probable breeding and 3) possible breeding. Breeding probability was analysed in all Hungarian colonies and in the Austrian colony at Lake Neusiedler, which is very close to the Hungarian border, and usually the breeders of that colony are observed in Hungary during their foraging trips.
I treated breeding as confirmed in a colony if a colour-ringed bird (1) was seen in the colo ny at least once and nesting activity was observed during that observation, or (2) fed at least one juvenile in the colony or shortly after the fledglings left the colony, or (3) fed a colour-ringed fledged juvenile from a known natal colony. This method was warranted because adult Spoonbills feed only their own chicks, and usually attack alien chicks begging for food (Cs. Pigniczki pers. obs.) .
I treated breeding as probable breeding, if a bird was seen at least twice in or in the vicinity of a breeding colony and if at least one of those observations was made between 15 April and 30 June, and if the other observation between 1 March and 30 June was at least ten days apart from the observation in the core of breeding period.
I used the possible breeding category if (1) an adult was seen twice in the vicinity of a particular colony and one of those observations was made between 15 April and 30 June, but the two observations were made less than ten days apart, or (2) an adult was seen only once in the vicinity of a colony between 15 April and 30 June, or (3) an adult was seen in the vicinity of a colony in which breeding was late, or if it was seen together with freshly fledged juveniles from that colony, but feeding of fledglings was not observed.
In a few cases when an adult bird could be assigned to more than one colonies with breeding probability, I chose the colony closest to the natal colony of the observed individual and used the distance-records between that colony and the natal area in the statistical analyses. If a bird moved more than 100 km in May and June, or if it used the same area for a long period in the breeding season, I assumed that that individual skipped nesting or failed to breed. These cases were excluded from the breeding analyses.
A dispersal event during breeding was defined as the movement of an adult individual between its natal area and the colony where the probability of its breeding was highest. When breeding probability was equal for two or more colonies, I used the colony closer to the natal area to avoid overestimating dispersal distances. Dispersal was classified as short-distance if the dispersal distance not more than 100 km (≤100 km), and as long-distance if this distance was more than 100 km (100 km<) (De le Court & Aguilera 1997 , Pigniczki & Vég-vári 2015 . I used the data on Hungarian observations of Spoonbills that hatched in the following regions: 1) Vojvodina in Serbia, along River Tisa, 2) the area between Rivers Sava and Drava in Croatia, 3) fishponds in the Czech Basin, 4) the lowlands of River Po in Italy, 5) Danube Delta in Romania, and 6) the Wadden Sea area, which includes birds from The Netherlands, Denmark, Germany and Belgium. I compared the number of birds resighted from different regions using Pearson's chi-square test to test the differences in the number of colour-ringed Spoonbills recorded in Hungary and the number of colour-ringed individuals that have never been detected in Hungary for each region.
Generally, I used the shortest distances between the natal colonies and observation sites in Hungary. However, I used the maximum distances between the natal colony and the observation location in Hungary in case of 1cy individuals, during the post-natal dispersal.
I compared the first observation and the last observation date of Spoonbill individuals with foreign origin in Hungary in case of juveniles. Julian dates were used during these analyses. Records of birds out of four regions were compared using Kruskal-Wallis H-test, including birds that originated from Serbia, Croatia, the Czech Republic and Italy.
Only those records were used, where there was no doubt about the credibility of the observations. New circumstances made me to overwrite some old published records: for example, all the records of some individuals were deleted from the Hungarian database, because photos or new information proved that ring-reading mistakes happened. Thus, I deleted all the records of two juvenile individuals, one of which hatched in the Danube Delta and the other in Becej, and also all the records of a Greek individual, because the reports from Hungary were the results of misreadings (Pigniczki & Karcza 2006 , Pigniczki 2010 .
To calculate distances between the natal site and the observation area, analyses were carried out in the R statistical programming environment (R Development Core Team 2016), including the "fossil" package for calculating geographic distances (Vavrek 2011) . For statistical analyses the PAST program was used (Hammer et al. 2001) .
Results
The The largest proportion of Spoonbills visiting Hungary consisted of birds from the Czech Republic and Serbia, while the smallest proportion was from the Wadden Sea area ( Table 2 ). The number of birds observed vs. not observed in Hungary (Table 2 ) differed significantly among the six regions (Pearson's χ 2 =2315.1, df=5, p<0.0001). The average distance between the natal colony and the nearest observation site in Hungary was 201.1±187.5 km (mean±SD; n=253) (Table 3 ). Spoonbills could reach Hungary even from The Netherlands and Denmark, covering 1287 km and 1255 km, respectively.
Most of the individuals of foreign origin observed in Hungary were juveniles, while the number of 2cy birds was the lowest (Figure 2) . After age 2cy, the number of observed individuals grew gradually by age category and peaked in the adult age, although this peak was at little more than half the number of juveniles observed (Figure 2 ). 
Flyways of Spoonbills marked abroad
Birds from Serbia ( Figure 3 ) and Croatia ( Figure 4 ) were observed in Hungary in high numbers during breeding time and during post-fledging dispersal. The observations of Serbian and Croatian birds fell between 28 February and 16 October in Hungary. These birds of Serbia and Croatia that were observed in Hungary moved along the Central Mediterranean/Adriatic Flyway to the central Mediterranean Basin, and a Croatian individual was found dead in the Algerian part of the Sahara (Table 4) .
Immatures from Croatia and Serbia also regularly visited Hungary. An adult (5cy) Spoonbill of Serbian ori gin was observed at several locations of Hungary during early spring before breeding ( Figure 5 ). Several adults from Croatia and Serbia were observed in Hungarian colonies during the breeding season.
Little is known on the birds hatched in Austria, because they were marked only with metal rings. The few data show that individuals were found in Hungary mainly during the post-natal dispersal, but also during breeding season (Figure 6 ). Individuals from the Czech Republic made regular stops during their autumn migration in Transdanubia, mainly at Lake Neusiedler. Three individuals were observed at Lake Neusiedler during breeding season, some of them in more years. Birds from the Czech Republic that were observed in Hungary generally moved along the Central Mediterranean Flyway to Italy and Tunisia to winter there (Table 4, Figure 7) .
Spoonbills from Italy visited Hungary during post-fledging dispersal, or while they were immatures (2cy and 3cy), sub-adults or young adults (5cy and 6cy). They moved along the Central Mediterranean or Adriatic Flyway to winter in North Africa, mainly in Tunisia (Table 4 , Figure 8 ). An individual in its 5cy was observed in Hungary on 28 March 2007, but later it returned to Italy and was observed in the vicinity of River Po on 17 June 2007.
Single individuals were observed in Hungary from Denmark and Romania (Danube Delta) (Table 4, Figure 9 ) and three from the Netherlands (Table 4, Figure 10 ). Two of them appeared to use the Central Mediterranean/Adriatic Flyway. 
Immatures (2cy and 3cy)
Only ten 2cy individuals were observed in Hungary, eight of which were of Carpathian Basin origin, while two birds arrived from Italy. A 2cy old individual with Austrian origin was recovered in Hungary, but the circumstances are not known in detail. Thirty-six individuals were observed in Hungary at their age of 3cy. Thirty-one individuals were marked in the Carpathian Basin, while four were from Italy and one from The Netherlands.
Subadults (4cy)
Fourty-eight Spoonbills were observed in Hungary at their age of 4cy, one was from the Czech Republic and another one from The Netherlands, while four arrived from Italy, eleven from Croatia and 31 from Serbia. An individual from Italy was observed in Hungary on 6 April 2016 and the same individual was seen in Italy from 1 June 2016. Two Spoonbills at the age of 4cy were observed in heron colonies during breeding season 142 km (hatched in Serbia) and 685 km (hatched in Italy) far from their natal colonies.
Adults (4+)
Eighty adult (4+) Spoonbills were observed in Hungary. Six were from the Czech Republic, three from Austria, one from Romania, one from Denmark and one from The Netherlands, while four were ringed in Italy, 15 in Croatia and 48 in Serbia. Furthermore, an adult bird was captured during breeding in Italy and equipped with a GPS-logger was also detected in Hungary, but the natal area of that individual remained unknown. I found that 20 Spoonbills were possible breeders in Hungary and the Austrian part of Lake Neusiedler (Table 6 , Figure 11 ), while 14 individuals were probable breeders (Table 6, Figure 12 ). I found that only two foreign Spoonbills (one with Serbian and one with Croatian origin) were confirmed breeders in Hungary (Table 6, Figure 13 ). Thus, a total of 37 individuals of foreign origin had any probability of breeding in Hungary. In the case of nine individuals (24.3%, n=37), dispersal between the natal area and the breeding site during adulthood was less than a hundred kilometres, while in the case of 28 Spoonbills (75.7%, n=37) this dispersal was probably long-distance dispersal (>100 km) (Figure 14) . Six individuals (16.2%, n=37) were hatched outside of the Carpathian Basin, and three (8.1%, n=37) of which belong to populations that do not have their main migration route along the Central Mediterranean or Adriatic Flyway.
Interestingly, an adult (5cy) individual from Italy was observed at Pusztaszer, Hungary on 28 March 2007, and later the same individual was seen in the vicinity of colonies in Italy on 17 June 2007.
Discussion
Hungarian wetlands play a key role for Spoonbills in Central Europe. Resighted birds originated from eight countries. Most of the birds came from the Czech Republic and from the Carpathian Basin (Serbia, Croatia and Austria), but a few Spoonbills regularly visited Hungary from Italy, while individuals from the Wadden Sea area, and the Danube Delta were found occasionally. Furthermore, it is known that a colour-ringed Spoonbill hatched in Greece was observed in Croatia (Kralj 2013) . Thus, the population in the Carpathian Basin is connected with several other populations breeding in Europe outside of the Carpathian Basin, however data show only marginal connections between birds of the Carpathian Basin and individuals of Greece, the Danube Delta and the Wadden Sea Area. We have no data from Iberian or East European birds in the Carpathian Basin. Previous studies supposed that European Spoonbills form two distinct populations: one in Central and Southeast Europe, and another one along the East Atlantic coast of Europe (Brouwer 1964 , Triplet et al. 2008 . Brouwer (1964) did not find evidence for gene flow between those populations and the two populations also had different wintering areas that time. However, an overlap of the wintering areas of these two populations has been found recently (Smart et al. 2007 , Pigniczki & Karcza 2013 . My results indicate that birds marked in the Wadden Sea area may join flocks of birds breeding in the Carpathian Basin. It is clear Figure 11 . Possible dispersal between natal area and breeding sites during adulthood. Number in parentheses indicates the number of individuals 11. ábra Lehetséges diszperzió a kikelési hely és a fészkelőhely között. A zárójelben levő számok az egyedszámot mutatják Figure 12 . Probable dispersal between natal area and probable breeding sites. Number in parentheses indicates the number of individuals 12. ábra Feltételezett diszperzió a kikelési hely és a feltételezett fészkelőhely között. A zárójelbe írt szám a madarak számát jelzi Figure 13 . Confirmed dispersal between natal area and possible breeding sites. Number in parentheses indicates the number of individuals 13. ábra Diszperzió a kikelési hely és a fészkelőhely között. A zárójelbe írt szám a madarak számát jelzi from my results that adults from the Central European and the East Atlantic populations are not totally separated. Adults from the two populations may meet in the Carpathian Basin during the breeding season, implying that gene flow is probable between the two populations. Furthermore, adult Spoonbills from the Czech Basin and the Danube Delta were also observed in the Carpathian Basin during the breeding season. I found no record of adults with Italian origin during the breeding season in the Carpathian Basin, although such birds were observed in Hungary before and after the breeding season. However, it is still possible that birds from Italy take part in gene flow with the Carpathian Basin population.
1 For example, an adult Spoonbill that bred in Italy visited the Carpathian Basin in two consecutive years to oversummer there without any known breeding activity . The natal area of that individual is unknown because it was marked as an adult.
Spoonbills of Hungarian origin mainly use the Central Mediterranean Flyway and the Adriatic Flyway, however, a few individuals migrated along East Mediterranean and East Atlantic Flyway , and similar results are known in case of other countries of the Carpathian Basin (Müller 1984 , Kralj et al. 2012 . It was found that Spoonbills colour-ringed in Hungary dispersed and bred within the Carpathian Basin (Pigniczki & Végvári 2015) . Long-distance dispersal of potential breeders of Hungarian origin was supposed in one case outside of the border of the Carpathian Basin based My results provide new evidence on patterns in dispersal within the Carpathian Basin, because high numbers of Austrian, Serbian and Croatian adults (4+) were reported in Hungary and Lake Neusiedler during the breeding season. Dispersal of adults between their natal colonies and breeding colonies during the breeding season was mostly long-distance (100 km <) dispersal (almost 80% of dispersal events). For adult Spoonbills from Austria, long-distance dispersal was supposed for all observations during the breeding season in Hungary (Pigniczki 2010). It is important to note that these results show only the dispersal rate in the relation of eight countries and Hungary during the breeding period, which does not allow generalisations about the dispersal of the Spoonbills in the Carpathian Basin between natal sites and subsequent breeding sites. The long-distance dispersal rate of the Spoonbills in the Carpathian Basin during breeding was estimated at around 20% based on Hungarian ringing results (Pigniczki & Végvári 2015) . Most of the Spoonbills observed in Hungary were 1cy old, and very few were 2cy old. Spoonbills generally suffer large mortality during their first year of life (Pigniczki 2010 , Lok 2013b and only a few immature Spoonbills return to their natal area, because most of them stay in the wintering ground or in proper wetlands between the wintering area and the natal area (Pigniczki 2015 , Pigniczki & Végvári 2015 .
Juveniles reached Hungary during their post-fledging dispersal from Italy from middle of June and from Serbia and Croatia from early July. Juveniles that reached Hungary from the Czech Republic are supposed to be migrants on their stop-over or staging area. Spoonbills in immature or sub-adult stages also visited Hungary. These birds were found to spend time not only in the foraging areas, but also in Spoonbill colonies in Hungary. Taken together, these movements may help juveniles, immatures and sub-adults to decide where to breed in the future (Pigniczki & Végvári 2015) . Such behaviour was suspected also in immature Gannets (Morus bassanus) (Votier et al. 2011) and Glossy Ibises (Plegadis falcinellus) (Santoro et al. 2013) .
Movement of an adult (5cy) individual before the breeding season showed that spoonbills might also make explorative movements to collect information on the wetlands as potential breeding sites, which may thus influence the decision on where to breed. An alternative explanation is if that individual searched for areas suitable for feeding as it had arrived from its spring migration shortly before the observations. Because it was not known whether this individual bred anywhere, further data are needed to decipher its behaviour.
Spoonbills from the Czech Republic, Italy and the Carpathian Basin generally migrate along the Adriatic Flyway and the Central Mediterranean Flyway (Triplet et al. 2008 , Kralj et al. 2012 , and the wetlands of Hungary can be part of both flyways. Spoonbills from the Wadden Sea area mainly follow the East Atlantic Flyway, and move to the Atlantic coast of France, Iberia or sub-Saharan Africa (Lok et al. 2011 (Lok et al. , 2013a (Lok et al. , 2013b , however, a few individuals were also observed in Tunisia (Smart et al. 2007) . A few Spoonbills of East Atlantic origin also reached continental Central Europe. Interestingly, some of them were able to find their way back to West Europe, while others seemed to shift their breeding areas and their migration routes as well, and visit Central Europe regularly during the breeding season, although their breeding could not yet be confirmed.
Spoonbills hatched in the Danube Delta mainly use a different flyway to their wintering areas, and only a few individuals touch the Adriatic or Central Mediterranean Flyway, and spend winter in Tunisia (Kiss et al. 2007 . One of the Spoonbills (5cy) from the Danube Delta, which was previously observed in Tunisia probably joined the migrating individuals of Carpathian Basin origin and reached Hungary while they were moving together. It is possible that inexperienced individuals are led by experienced birds during migration, as it is supposed in White Storks (Ciconia ciconia) (Chernetsov et al. 2004) . White Storks and Spoonbills are also social birds during their migration, and social interactions may play important role in the decisions of inexperienced individuals, probably also in those of inexperienced young adults.
Two possible examples for overshoots during spring migration were observed in the case of Spoonbills of Italian origin in Hungary. Both individuals were seen in Hungary during late March and early April, and later in Italy by June. Both individuals (4cy and 5cy) were likely to be inexperienced in breeding. They probably joined migrating flocks of breeders of the Carpathian Basin, and finally reached Hungary migrating together with that flock. These two individuals eventually found their way back to their natal area in Italy, thus, probably providing examples of natal site fidelity.
It is important to note the high proportion of Spoonbills from the Czech Republic that use the Lake Neusiedler during the autumn migration as a stop-over or staging area. This result indicates that habitat reconstruction and habitat management activities on wetlands around Lake Neusiedler (Pellinger 2001) are very important for Spoonbills as a specialist waterbird of shallow wetlands.
The observation of the hybrid Eurasian Spoonbill × African Spoonbill in Hungary means a potential threat to the population of Eurasian Spoonbill in the Carpathian Basin. African Spoonbills found in Europe are supposed to be escaped birds from bird collectors (Svensson et al. 2010 ). An African Spoonbill has bred in the colony of Eurasian Spoonbill at the Po Delta in Italy together with Sacred Ibis (Threskiornis aethiopicus), and not only the hybrid of African Spoonbill × Eurasian Spoonbill were observed there, but also the hybrid of African Spoonbill × Sacred Ibis (Platalea alba × Threskiornis aethiopicus) (Volponi et al. 2008) . These hybrids are the results of human impacts (introduction or escapes from captivity). Both types of hybrids, if they are fertiles, could mean problems for the genetic variability of Eurasian Spoonbills. Human impacts on hybridisation cause problems in nature conservation by compromising and deteriorating the genetic composition of native, wild animals (Oliveira et al. 2008) . On the other hand, other hybridizations e.g. between Eurasian Spoonbill and Black-faced Spoonbill (Platalea minor) under natural way can be evolutionarily important, because novel combination of genes and alleles can create favourable genetic conditions (Kwon et al. 2017) .
In summary, I showed that the dispersal plays a very important role in the Spoonbill population in the Carpathian Basin. Dispersal between natal area and breeding sites during adulthood is probably widespread among the colonies of the Carpathian Basin, which probably has a positive influence on the genetic variability of this population. Furthermore, my study shows that immigration of Spoonbills from the Czech Republic, the Wadden Sea area and the Danube Delta is possible, and they might breed in the Carpathian Basin, implying the existence of gene flow at continental scale. Furthermore, the wetlands of the western part of the Carpathian Basin play an important role for the Spoonbills from the Czech Republic during migration.
